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ABSTRACT 

The purpose of this investigation is to closely 
scrutinize lead and extended left turn phases and to 
determine criteria to be considered when confronted with the 
decision of installing special phasing. Factors considered 
include volume handling capacity, Delay, Comprehension of 
signal, Reaction to the display and the Safety aspects of 
such an operation. 

Data reviews to evaluate these factors were;-before and 
after volume counts, intersection movement counts, inter- 
section delay counts and before and after accident records. 

The tests were conducted in the City of Edmonton. Flash 
phase signals were installed in the City in 1966. Members of 
the City staff have conducted several tests concerning their 
operation, all of which were available to this study. 

Results of the tests indicate that the split phase 
signal is a logical and efficient installation displaying a 
high left turn volume. Analysis of accident occurrence indicated 
little or no increase in overall accident total due to the 
installation of the split phasing. 

The principal conclusions from the tests were 


1. Split phase signals have a high volume handling 
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Capacity. 

2. Split phasing should be considered when opposing 
volumes reach 1000 VPH or more, or when the warrants set out 
in this report are exceeded. 

3. Careful examination of intersection charac- 
teristics will allow the determination of need for special 
turning phases, the type of phase which would be preferable 
and other considerations which will increase the traffic 


handling efficiency. 


CLES Td ae be 


7 — a 
OCGI dosez peniticon. 


» 
oa 
3Ho0 381 avons s'2 


% 


ACKNOWLEDGEMENTS 

The author wishes to express his appreciation to 
Associate Professor J. J. Bakker of the Department of Civil 
Engineering at the University of Alberta, Edmonton for his 
interest, guidance and advice throughout this study. 

This project was ats possible through the financial 
aid made available from the Traffic Engineering Division of 
the City of Edmonton Engineering Department with approval of 
the City Commissioners. 

Appreciation is spahne LOMB MesHutiman, Trartic 
Engineer for the City of Edmonton, for his continued 
encouragement and support throughout the program. The 
interest and help of several members of the Traffic Division, 
who were involved in field tests, was essential to the com- 
pletion of the project. 

The financial aid received from Stanley Associates 
Engineering Limited is also acknowledged. 

I would also like to thank my wife for her patience 


and assistance throughout this study. 


ian Sa ae a | woe «eee 
ne ed ine 
oa 
an 
ey 7 ’ 


DRiAD fo saedameyed edd 20: neon ot | 
it xoP nosiont® etueilih 20 ytkexsr tne wilh Be 
sae sere ee ei 
Stem nt ont aBsicnon sham man 
Yo tevergas diiw tnemrseqed pairsentpa’ nc 


; od 2 

_ SAND asa ndt <8 09 pethssae as ween 

. peunbynan afi ios wosthomis Fa yaa aes 
ade nes gor etd dvotévetes Jxoggue Bas 3 na 
wotstvia skteext add fe chedaan Intevee 20 qed ‘aa ‘ 
~mro oid of tekdeousy enw: sakes biel® ak boviovink’ 8 J 

" mevetsemes yatned? moi tovicce: bia Fakoagiil 

| beybelyenise oni, ab 

mnie, actuate cioneed dd: 


— 
> 


Title Page 


TABLE OF CONTENTS 


Approval Sheet 


Abstract 


Acknowledgements 


Table of Contents 


List of Tables 


List of Figures 


CHAPTER I 


CHAPTER II 


INTRODUCTION 

Purpose of Thesis 
Limitations of the Study 
Organization of the Thesis 


REVIEW OF LITERATURE PERTAINING 
TO SPECIAL LEFT TURN PHASES 

A. Manual Review 

B. Empirical Reviews 

C. Theoretical Reviews 


CHAPTER III THEORY 


CHAPTER IV 


CHAPTER V 


DATA COLLECTED 

A. Traffic Engineering Department 
Data 

B. Data Collected for this Study 


ANALYSIS OF DATA 


I.Volume, Delay and Characteristics 


A. Theoretical Review 
B. Field Observations 
1. Before and After Review 
2. Level of Service Review 
3. Advance Flash Movement 
Observations 


vi 


Page 


& bP 


* ete { 


reiperae “th 
ateprty 26 

ybutd oes ho epcteetemes - 
=“ wa. to lsat 


rae * ages oA 


aweivon ie soba a gi 
awea rhs lasese 


rere 4 * y 4 


S ROceee Se Em mere 


TABLE OF CONTENTS (continued) 


CHAPTER V Continued 


CC, Field Studies 
1. Left Turn Movements 


A. 
B. 


C. 


Two Phase Operation 

Two and One Half Phase 
Extended Green Operation 
Two and One Half Phase 
Lead Green Operation 


2eEULetteticn Delay study 


Ae 
B. 


C. 


D. 


Two Phase Intersection 
Two and One Half Phase 
Extended Signals 

Two and One Half Phase 
Lead Signals 

Three Phase Signals 


3. Starting Response 
Ap eueree urn yolume Ulmits at 
Two Phase Signals 


iii, SE BEE 


1. Two Phase Signals With Left 
Turn Phases Added 

2. Three Phase Signal Reduced 
to Two and One Half Phase 
Signal 

Bee ScpeeclaleGascs 


CHAPTER VI CONCLUSIONS 
A. Operations 
B. Starting Response 
Cc. Left Phase Warrants 
D. Safety Conclusions 


CHAPTER, Vil RECOMMENDATIONS 


LIST OF REFERENCES 


Page 


LOL 
101 
101 
101 
101 


Ae) 


108 


“go ty 


7 _ 7 = Pe p ' 


_ 


- or a ; : 
 « $hevnisa ations 42 5 at ; 


_ 


4 


pe ii 


TABLE OF CONTENTS (Continued) 


APPENDIX A CAPACITY CALCULATIONS 


APPENDIX B 2 PHASE LEFT TURN VOLUMES 


Table 


XT 


LIST OF TABLES 


Capacity Calculation Data 

Timing & Capacity Comparison 
Before and After Comparison 

Level of Services By Homs Analysis 
Left Turn Observations 

Left Turn Observations 
Intersection Delay and Volumes 
Starting Response 


Intersection Injuries Involving 
Left Turns 


Before and After Accident Record 


3 Phase to 2% Phase Accidents 


ix 


Page 


74 


83 
88 


99 


ees 3 8 e3 


— 
= 


LIST OF FIGURES 


Figure Page 
1 85th Percentile Time of Starting 22 
2 Average time of starting 22 
3 Comparison of 85 percentile 

& Average Time 23 
4 Nomograph for 3 Phase and Right 

Turn 2 Phase Signals 25 
Bes Nomograph for Left Turn and Two 

- Phase Signal 26 

6 Signal Phasing Schemes 20 
i, Effectiveness of Phasing Systems 30 
8 Dependence of Average Stop Delay 

on Signal Cycle Lengths 31 
9 Simulated Starting Graph 32 
10 Level of Service Delay 70 
11 Phasing Delay ‘73 
12 Recorded Delay on Simulated Graph 76 
13 Observed Ac. Starting Time 77 
14 Two Phase Left Turn Volumes ts 
15 Left Turn Phase Warrant Chart 105 


pmereys gadentt to sosnevksogemm 
’ =F inn see 


a 


4 


> 2 ede 


+ 


Page 


+ eae 


7 


loa 


_ 


ae 
rn 7 () 


=e 


ae 
- 


— 


me 


re . 
* 
- _ 

— \= 


ps e. 


antl i 


- ' 
- a : 7 
* 
_ : - 
_ ae 
M 

_ 

7 4 


_ 


CHAPTER I 
INTRODUCTION 


The traffic control signal was initially introduced to 
safely and economically alternate the right of way at street 
intersections. The increasing use of the signal device 
attests to the fact that it does provide the safest, most 
efficient means of controlling vehicular traffic for the 
least cost. The attempts of urban engineers and planners have 
failed to date to prodtee a more efficient system. 

Although the basic concept of assigning right of way by 
a visual display has been retained the technological advances 
of this era have allowed vast improvements in operation and 
use of traffic control signals. The signal has progressed 
from the original hand switched display, to the mechanically 
switched pre programmed signal, to the electronically 
switched vehicle actuated control and today vast networks 
of signals are being operated by a central control which 
continually samples traffic movements and assigns new cycle 
timings. 


The enigma of the signal controlled intersection has 
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been the turn across the path of traffic in the opposing 
direction or the left turn (the right turn for left hand 
drive countries such as Great Britain). The left turn 
requires either the turning vehicle or the vehicle from the 
opposing direction to stop to allow the other to pass. This 
action is an additional right of way conflict and one which 
the standard two phase traffic signal does not control. 
Traffic Engineers presently use several methods of 
handling the left turn vehicles. However, all methods 
sacrifice efficiency and/or safety to provide for the left 
turn movement. The present approaches being used are 
generally one of the following or a combination of the 


following. 


1. Provision of protected left turn area (bay) through 


geometric design. 


2. Provision of a special left turn phase controlled 


by special signal heads. 


3. Utilization of multi phase operation (an approach 


leg with heavy left turn has a phase to itself.) 


4. The splitting of opposing green times to provide 
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either a lead (advanced) or a lag (extended) time for left 
turns. 

The presently accepted Canadian approach to the left 
turn problem as described in the "Uniform Traffic Control 


Devices for Canada Manual" (1) is briefly: 


l. Two phase operation is recommended if left turns 
from any one pair of opposed approaches is at all times less 


than 20% of the through volume in the heavy direction. 


2. Advanced or Extended green phases could be considered 
if left turns from any one pair of opposed approaches exceed 


10% of the through movement in the heavy direction. 


3. Three phase signals should be considered if the sum 
of right and left turns into any approach during the four 
test hours exceeds 50% of the through volume in the heavy 
direction. 

In addition to the above in 1968 the Standard was revised 
to include a standard indication of Advanced or Extended green 
phases. The display adopted was the utilization of a flashing 
green arrow in conjunction with a standard green ball indic- 


ation. 
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PURPOSE OF THE THESIS: 

This investigation deals with the use of Advance or 
Extended left turn phases. The ultimate aim of the study is 
to provide a means of reviewing any given signalized inter- 
section to determine the requirement for and the type of 
special phases to handle left turning movements. 


The parameters to be assessed are: 


1. The volume capabilities of the intersection. 
2. The delays encountered in the intersection. 


3. The effect on Safety of the various devices. 


LIMITATIONS OF THE STUDY: 

The prime limiting factors of this study are the amount 
of adequate data available and the time and means to review 
the volume of data required to assess each individual inter- 
section. This study was restricted to a chosen limited 
number of intersections within the Edmonton area. Ideally 
an infinite number of intersections throughout the continent 
should be utilized. The data is collected by manual obser- 


vation as no proper recording equipment was available. 


ORGANIZATION OF THE THESIS: 


The problem of left turns at signalized intersections 
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has been the subject of years of research and numerous studies. 
Therefore the initial step in this investigation was a review 
of literature on the subject and presentation of the more 
pertinent theories and practices presented in Chapter II. 

Existing split phase traffic control signals in the 
Edmonton area were observed in the field. Volume and bes 
data were obtained and accident records for these intersections 
reviewed. these data were analyzed and compared to obtained 
data for two and three phase signals. Significant differences 
in Capacity, Delay or Accidents was assessed. 

Using these data neueienet timing requirements plus the 
accident potential of various signals were assessed. ‘This 
was followed by a discussion and comparison of the various 
control methods being investigated. The final chapter of 
this thesis contains the conclusions and the recommended 


actions of the investigations. 
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CHAPTER II 


REVIEW OF LITERATURE PERTAINING 


TO SPECIAL LEFT TURN PHASES 


The amount of written data concerning left turns at 
signalized intersections is not voluminous. When one 
considers that this is a basic consideration in signalizing 
intersection, the lack of detailed studies on the subject 
is surprising. 

The practising engineer in a field application would 
logically refer to the "Manual on Uniform Traffic Control 
Devices for Streets and Highways" (2) in the United States 
or its counterpart the "Manual of Uniform Traffic Control 


Devices for Canada". (1) 


A. MANUAL REVIEW 

The U.S. manual (2) makes provision for the installation 
of special turning indications but does not suggest either 
warrants for left turn phases or left turning volumes which 
should receive special attention in signalization. The 


Canadian manual makes these provisions 
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Two=Phase Operation: 7 
i. The volume of left turns from any one of a pair 


of opposed approaches is less than 20% of the through volume 


in the heavy direction. 


ii. The sum of left and right turns onto any 
approach is less than 50% of the through movement in the 


heavy direction. 
Split Phase Operation: 


i. The number of vehicles making the turn exceed 


10% of the through movement. 
Three Phase Operation: 


ii. The number of vehicles making left turns from 
any pair of approaches exceed 20% of the through volume in 


the heavy direction. 


jii. The sum of right and left turns into any 
approach exceeds 50% of the through volume in the heavy 
direction. 
The Canadian Manual (1) describes in detail the spec- 
ification for operating either the Advanced or Extended green 


phases. The system being simply the use of a flashing green 


= 


se ' 7 
; ins 4 a & all : 
a oe ee] 


_ a 
°? smoioy devesris sits <0. 208 ‘neeY Geol & 
i es itd 1 at 


& “ 


= - . 
ws eet 


: be 
f] 
5 
; 5 
a 
} 
y ¢ 
7 =f 
Seog 
a ! - 7 
shee CaN: 6 6 ies 
to i = 


_ 


3 


i 
ma  * 


arrow pointing in the direction of the left turn displayed 
in conjunction with a green ball. The flash phase to be 
followed or proceeded by a steady green clearance phase 


depending on whether an advance or extended phase is employed. 


B. EMPIRICAL REVIEWS 

Matsun Smith & Hurd in their complete text book "Traffic 
Engineering" (3) discuss left turns in two different chapters 
from two points of view. In chapter 8 "Intersection Char- 
acteristics" critical gap is examined. Critical gap being 
described as the size of gap or lag required for crossing 
flows of traffic. Reference is made to F. J. Kaiser Jr's (4) 
study wherein he determined that left turn drivers refused 
all gaps less than 3.75 sec. and accepted all gaps 4.75 secs. 
or greater. The median value of accepted gaps being 4.25 sec. 

In Chapter 21 "Traffic Signals" Matsun, Hurd and Smith (3) 
make the following suggestions. 


"The objective of phasing is to accommodate all traffic 
movements with increased safety and minimum delay. Safety 


urges a phasing which will reduce or eliminate all potential 
conflict. Consideration for minimum delay impells a phasing 
which will accept as many simultaneous flows as practical, 

to achieve a high volume of accommodation. The use of leading 
or split phase green to accommodate turning or other irregular 


movements is an example of ingenuous phasing." 
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"The number of distinct phases employed should be kept 
to a minimum consistent with safety and facilitation. The 
selection of flows in each phase should develop the minimum 
frequency and severity of conflict and the sequence of 
phases should minimize waste time." 


Studies have shown that through vehicles take on the 
average 2.1 seconds to clear an intersection. Left turning 
vehicles take an addition 1.3 seconds or 2.1 + 1.3 = 3.4 
seconds or for application in formulas one left turning 


vehicle is equal to 3.4 


= 1.6 through vehicles. 
=a 


WS) 


The "Traffic Engineering Handbook", (5) the third edition 
of which was published in 1965, discusses leading and lagging 
phases plus multiple phases as follows: 

"Leading or Lagging Greens are not exactly a third phase 
but useful in special situations. 

Lead - preceeds opposing through 

Lag - follows opposing through 

The use of either should be approached with extreme 
caution because motorist approaching from shorter green 
phase may not realize it since he sees opposing traffic 
moving freely. 

Some authorities feel leading green is probably less 
hazardous than the lagging green because motorists in 
opposing directions would generally be starting from a 


stopped position. 
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On the other hand lagging green is favoured because of 
a tendancy for traffic standing at the Stop lines in the 
opposing direction to start when they see the traffic 
having the leading green begin to move. They feel that 
the left turn capacity is increased because the front left 
turning vehicles have moved into the intersection during the 
regular green period and a greater number of vehicles are 
able to clear the intersection than when they are starting 
from the Stop line at the beginning of a leading green 
interval. 

Three Phase Sine oe every effort should be made to 
avoid extra delay caused by three phase operation." 

The third text book of the three basic texts, "Traffic 
Engineering", (3) "Traffic Engineering Handbook" (5) and 
"The Highway Capacity Manual (HRB 87)" (6) gives methods 


for calculating left turn capacities. These are: 


A. Turns with separate Turning Laws and/or Separate Signal 
Indications. 


1. Separate Turning Lane-Signal Controlled 


10 


- deduct width of special lane from total width phase 


Calculate through capacity with 0 lefts 


- turning lane service volumes per 10' width 


11 


Leve l* Vehsepern nr. O/O, Tr. 


ABC 800 5 
D 1000 5 
E 1200 5 


-two or more turning lanes the above X 0.8 for 
additional lanes. 


(apply appropriate G/C factor for separate lane signal) 


2. Separate Turning Lane-No Signal 
- as above for through movement 
~ service volume = 1200 - total opposing traffic 
volume in opposing direction in 
terms of passenger car per hour 


of green. 


3. Separate Signal (No separate lane) 

i.e. leading or lagging greens. 
- apply basic intersection capacity procedure to 
entire width. 
- for special phase calculate based on left turns 
from one-way street. 

These alternatives assume that the likelihood of through 


vehicles becoming "trapped" behind a turning vehicle is no 


greater than at an ordinary two phase operation. This 


*Level of service explained on page 5l 
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assumption is not always valid particularly if left turning 
not allowed during through phase or through not allowed 
during left. 

The preceeding excerpts are from texts and manuals and 
could be termed basic review in Traffic Engineering. Papers 
concerning current practice will now be reviewed. 

Probably the most complete report on existing practice 
of utilizing split phases is the article "Leading and Lagging 
Greens in Traffic Signal Control" (7) which is the infor- 
mational report of the Institute of Traffic Engineers project 
committee 4F (62). The article appears in the April 1966 
issue of "Traffic Engineering". 

The report is based on data collected from 102 Cities, 
Countries and States throughout North America. Of interest 
is the fact that 71 out of 75 Cities, 3 out of 7 Countries, 
and 11 out of 20 States reporting used leading or lagging 
greens, thus attesting to their wide use and the requirement 
for a standard display of split phases. 


Pertinent facts from the report are: 


1. Usage and Type of Signal Control. 
6.9% of the signals reviewed utilized leading or 


lagging phases. i.e. 2,333 signals out Ofte ood Le 
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2. Signal Indications. 
The most popular means of indicating the special interval 
was the steady green arrow displayed with a steady green 
ball. Second most popular was the eastern Canadian flashing 
green ball. (Note: the Canadian standard is now flashing 


green arrow displayed with a green ball). 


3. ‘Geert Interval. 

Of 85 replies - 37 did not use a clearance interval 
following leading greens and 33 did, and 9 did not use a 
clearance preceeding lagging green with 56 utilizing a 


clearance interval. 


4. Cycle Lengths and Lead-Lag Intervals. 

Cycle lengths varied from 28 - 240 seconds, average 
varying from 94.9 seconds maximum to 54.8 seconds minimum. 
The split phases varied from 20.7 seconds to 6.7 seconds 
with some agencies reporting that the lead lag intervals 
were reduced to 0.8 seconds to 2.0 seconds during off peak 


periods. 


5. Preference for Leading or Lagging Green Interval 
Selection. 


47.5% of traffic engineers preferred leading phases 


- he laeiie eaiad dai, 


er ae i 
wi ese a | 
NMR Nios ‘ak “texas ge thee) eit abe ame 
‘ A) 3= tS 


| Lavrost ane . o 
taexsink esnésrels 5 eux ‘Jor bib te, *: pain 


6 Bev ton Bsr 6 Dae wbEB €€ «fe cavere entbeot pit 
5 phisitigy @ Asiw noatp paieosl <a 


-eteeandet eed Sep Ban ‘eco Pee a 

spetovs. .ebnonss ODS = BS. nox’ baizeg! sitdgnedabsig@ 
savanat be absoosa a. bE ow initia nat a 
| ye v,o oF 2510998. : 20S moa: beta ae 
alavasini ysl besl afd fats erie oo 
sai ¥20 pattub bomedes. 0,5 63 poaaituae’ ade 


14 


and 32.5% preferred lagging phases while 20% utilize both. 
The Pros and Cons of the split phases are listed as: 
LEADING GREEN 
A. Advantages 
1. Permits higher intersection capacity on restricted 
width roadways, compared with two-phase traffic signal 


operation. 


2. Reduces traffic congestion by clearing the left 


turning vehicles through the intersection first. 


3. Easier to program in the traffic signal controller, 


since less intervals are required than in a lagging green. 


4. Easier to adjust in the traffic signal controller 


to minimum time during off-peak periods. 


5. Eliminates conflicts between left turn and opposing 
straight through vehicles by clearing the left turn vehicles 


through the intersection first. 
6. Driver reaction time is quicker. 


7. Requires only one amber clearance interval at the 


end of the straight green phase. 
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8. Desirable where left turn lanes do not exist. 


9. Can be used to provide co-ordinated progressive 
traffic movement in an interconnected signal system with 


unequal spacings. 


B. Disadvantages 
1. Creates vehicle-pedestrian conflicts during the 


leading green interval. 


2. Left turns may pre-empt the right-of-way from the 
opposing straight through movement when the green is exhibited 


to the stopped opposing movement. 


3. Opposing movement may make a false start in an 


attempt to move with the leading green vehicle movement. 


4. Actuated lead does not extend to normal beginning 
of straight through green and permits the opposing movement 
to arrive ahead of the green indication at the next signal- 
ized interconnected intersection in progressive traffic 
signal systems, where progressive movement is based on begin- 


ning of straight through green. 


5. Does not conform with the normal right-of-way and 
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creates entrapment of the left turn vehicle operator when the 
leading green interval expires, causing the left turn driver 
to receive a traffic ticket for negligent collision or 


failure to yield right-of-way if involved in an accident. 


LAGGING GREEN 


A. Advantages 
1. Conforms to the normal left turn right-or-way law 
and does not create entrapment of the left turn vehicle 


Operator. 


2. Closer to normal driving behaviour of vehicle 


operators. 


3. Does not create head-on conflicts between vehicles 


as the leading green does. 


4. Provides for vehicle-pedestrian separation as ped- 
estrians normally cross at the beginning of the straight- 
through green interval and pedestrian clearance has been 
completed at beginning of the lagging green interval where 


pedestrian signals are used. 


5. Both directions of straight through traffic start 
at the same time, thereby giving greater straight through 


Capacity. 
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6. Less time needed for the lag since left turns can 
filter through the opposing gaps during the time the straight 


through indications are exhibited. 


7. Left turns do not pre-empt the right-of-way from 


the opposing straight through traffic movement. 


8. Cuts off only the platoon stragglers from adjacent 


signalized interconnected intersections. 
9. Desirable where a left turn lane exists. 


10. Can be used to provide co-ordinated progressive 
traffic movement in an interconnected signal system with 


unequal spacings. 


B. Disadvantages 


1. Creates conflicts for the opposing left turns at 
the beginning of the lag interval since the opposing left 
turn drivers think that both movements stop at the same eines 
(Many traffic engineers feel that the left turn from the 
approach opposite the lag need be prohibited to remove the 


accident potential). 


2. Creates an obstruction to through movement during 


the initial green interval where a left turn lane does not 
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18° 
exist, thereby, reducing the intersection capacity. 

The report concludes with an analysis of the replies. 
The final recommendations suggests a warrant for the use of 
split phases should be established and that research in this 
area is required. 

Benjamin W. McKay (8) suggests left turn phases should 
not be used: 

1. Where they may cause an excessive delay to left 
turning vehicles. 

2. At the meeting point of platoons in progressive 
systems. 

A novel suggestion in this article is a warrant for 
left turn phases based on the number of left turns made on 
amber or red. Mr. McKay suggests that if an average of two 
or es left turns are made per cycle on the yellow and red 
portions of the cycles during the peak half hour, then the 
chances are good that there is excessive left turn delay. 

Barry W. Fairfax(9) studied four left turn displays 
for exclusive left turn lags. 

1. Green arrow (exclusive phase). 

2. Green ball (standard 2-phase). 


3. Flashing yellow (similar to Canadian flashing green). 


Bo aay odd Ot aneteay © edaenoUs | 
ci te eis a 8 a 
Bisode estedq-rst Siel avgepese (0) Yatton! LW abide * 


re 
« 


Stef ot a evituaébxs ms seve> yen reap anid a 


veo centn eile y 


evieestporg nt envosety to thied valtesem end FA 4 7 
i 
iT - ne a 


" seesaaae g et eats EF a bel ag noLtestame feven. £ 


i Wek aac Stet Qo -setava etfs oo beasd nosaia wnat e 
om? lo spansvd ag 32 Jet etecpere oho 2m «Bet 20, a 
hos ue way Oe me ats von on on i Re a 
ed warts word Sisd Heed otis ptiiand, esiigys eid Fo: at 
Lyeteb aus ddet eviwsonta ei sz0W salts boc ote 
mati ay Stet xbod feituzs Seay st 


art 
eocl arpepidiiel opie 
ee. en -_ 


~ 
fiee 2 


os 


~ 


ans) 

4. Flashing red. 
His findings were: 
Efficiency of operation. i.e. Comprehension by motorist. 

Green arrow - 100% 

Green ball - 63% 

Flashing yellow - 77% 

Flashing red - 30% 


and with regards to delay: 


Indication Vehicles Exceeding 6 Range 
Sec. Starting Time (seconds) 
Green arrow 0 = 
Green ball & 8.2 - 28.4 
Flashing yellow 1 48.0 
Flashing red 8 7.6 - 55.4 


He concludes by recommending the use of a flashing 
yellow phase for left turning movements during 2-phase 
operation. (i.e. A split phase as opposed to multiphase 
arrow indication). 

The final analysis of signal requirements will undoubt- 
ably involve a comparison of the efficiency gained by 
utilizing special turning phases versus deterents such as 


accident experience associated with the implementation of 
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20° 
of turning phases. Gurnett (10) studied three intersections 
in detail. Before and After delay studies were utilized to 
find how much intersection delay increased after minor left 
turn phasing was installed. His conclusions were: 
1. Intersection delay increased from 22% to 121% after 


the left turn phases were installed. 


2. Left turn delay is not substantially reduced by 


left turn phasing. 


3. Normally, intersection delay costs outweigh accident 
reduction savings, but accident savings should be considered 


for each individual intersection. 


The lead and lag intervals in signalization are similar 
to general signal studies. Some pertinent general papers 
were reviewed and are introduced below. 

One problem of concern in considering signal design 
is starting response. Can the vehicular movement at a 
signal in a city of two million be compared to the same type 
of signal in a city of 20,000? One authoritative study in 
this field was carried out by E. T. George Jr. and F. M. 
Heroy Jr. (11). Data from five New Orleans intersections 


was collected and plotted to indicate starting response. 
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21 
Data were collected by recording the first 

through 10th cars passage time from the time the controlling 
Signal turned green until the vehicle started to move. 

The results of the study are as in FIGURES l, 2 & 3. 

One possible use of this data would be to compare 
varying city size and weather conditions and hence deter- 
mine signal timings and evaluate comparative studies. 
C. THEORETICAL REVIEWS 

A study closely associated to special left turn phasing 
is R. E. Hom's (13) paper, “Intersection Capacity of Exclusive 
Turning Lanes", in the March 1968 edition of Traffic Eng- 
ineering. 

The basic formula for determining capacity is pre- 


sented as: 


Separate Signal Control: 


SV = AV x G/C x TF AW 1 + (8-1) 0.8 
810 


Without Separate Signal Control: 


sv _ (1200 -_oT) G x AW x TFAP 
TFOP Cc _ 10 


or 


SV _ 2 (3600 x AW) 
Cc 10 
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VEHICLE POSITION 


, AM & PM Combined 


POSITION Off 


VEHICLE 


Average Time of Starting 


85th Percentile Time of Starting 


Figure 2 


Figure 
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whichever is larger where 


SV 
G/C 
TF 
AW 
) 


AV 


oT 


service volume 

green phase time to cycle time ratio 
adjustment factor for trucks 

turning movement approach width 

number of lanes 

approach volume in vehicles per hour of green 
per lane based on 10' lanes and 5% trucks 
total opposing traffic volume in vehicles per 
hour of green 


signal cycle length in seconds 


from this data nomographs were developed as shown in 


FIGURES 4 & 5, thus presenting a simple means of establishing 


left turn lane capacities in a more accurate method than 


that presented in "The Capacity Manual" and a means of 


evaluating left turn volumes in such a manner that they 


could be utilized in a warrant system. 


The National Co-operative Highway Research Program 


Report 32 (14) presents one of the most complete reviews of 


signal timing and its effects on the efficient movement 


of traffic. 


The summary suggests? 


"The results (of this study) dramatically illustrated 
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the reduction in delay experienced whenever efficiently 
timed two-phase operation can be employed. An inescapable 
conclusion that emerged time and again during the project 
was the overiding influence of signal-cycle length on 
effectiveness of performance. Traffic Engineers are urged 
to conduct thorough studies of individual intersections and 
systems and to strive for the reduction of cycle length 
wherever appropriate." 

The study was based on a simulation model utilizing 
theoretical considerations and past empirical findings. 
The portion of the study of interest is that concerning 
the effectiveness of phasing schemes incorporating turn 
controls. 

Four signal phasing schemes were selected for detailed 


study. 


1. Simple 2-phase. 


2. Leading split phase with protected left turn in 


one direction only on each street. 


3. Leading and lagging split phases with protected 


left turns in all directions. 
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4. Simultaneous left turn phases. 


These are shown in FIGURE 6. 

These phases are considered by the author to be im- 
practical for field installation, nevertheless, the data 
does illustrate the effect of multi phasing. The report 
indicates that at all total interesection volume levels, 
the two phase operation is more efficient than multi phase 
schemes. Surprisingly, the evidence indicates an increas- 
ingly significant advantage of two phase signalization as 
traffic volume rises, as shown in FIGURE 7. 

The distribution of traffic proved to be an import- 
ant factor and in fact these directional imbalances proved 
a cause for a less effective operation for all multi phase 
signals except the leading green case, as shown in FIGURE 8. 

The basis for the simulation model is the calculation 
of the queve discharge rate. The rate was calculated by 
an iterative process and produced a discharge Time-Space 


diagram as shown in FIGURE 9. 
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CHAPTER III 


THEORY 


The theory of left turn phases, whether they are 
advance, extended split phases or separate left turn 
phases is simply that the left turn is provided for in 
the signal operation. The turn phase is expected to pro- 
vide the necessary left turn capacity with a minimum 
overall delay and accident exposure. 

To the author's knowledge no nationally acceptable 
left turn warrant exists. The Canadian Manual (1) guide- 
lines for two phase and split phase installations are a 
guide only and, as will be shown later, are applicable 


to only a very small range of intersection movements. 
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CHAPTER IV 
DATA COLLECTED 


This study utilizes a large amount of data. A large 
portion of the data was obtained from City of Edmonton Traffic 
Engineering Division Records. Other data were collected 
specifically for this study. A brief resumé of the records 
used, data collected and the methods of collection is 


presented below. Typical data sheets are shown in Appendix C. 


A. TRAFFIC ENGINEERING DEPARTMENT DATA 


i. Intersection Counts. The City has maintained 
intersection counts covering all major intersections since 
1965. These counts show all intersection movements, per- 
centage of commercial vehicles and buses in the inter- 
section, number of pedestrian movements and their direction, 
sample yenceular delays and cycle lengths plus any remarks 
of observers. These observations are usually made during 
the morning and afternoon peak periods plus off peak 
samples. The sample day in all cases was Tuesday. 


ii. Traffic Accident Records. All traffic accidents 
34 
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35 
in the city are reported to the City Police who in turn 
complete a standardized accident form. These data were then 
forwarded to the Traffic Engineering Department and 
recorded. This information is on file and complete data 


is available from 1948 to the present. 


iii. Traffic Signal Timing. Timing sheets for all traffic 
signals plus their amendments and amendment dates are main- 


tained in the Engineering Department. 


iv. Intersection Observation. Traffic Engineering 
Personnel made intersection reviews of flash phase signals 
when they were first installed. Their observations are on 


file. 


B. DATA COLLECTED FOR THIS STUDY. 


i. Observation of Flash Signal Operation. Vehicular 


movements at several intersections were made to observe 
motorists aoedshione All left turns were recorded and class- 
ified as to which portion of the cycle the turn was made 
in. Peak periods and off peak observations were made on 


a total of 11 intersection legs. 
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36 
ii. Left Turn Delays. The delay experienced by left 
turning vehicles was recorded on 14 intersection legs. The 
observer recorded the delay of every 10th vehicle approaching 
the intersection in the left turn lane. The delays were 
timed for two hours in the morning and afternoon peak 


periods and for one hour during off peak periods. 


iii. Starting Response. Starting response of vehicles 
at two phase and lead phase split timed signals were 
recorded. The recorder timed, with a stopwatch, the time 
interval between the time the signals turn green until the 
various vehicles in the queue facing the signal start to 
move. These observations were also made during two hours of 
both morning and afternoon peak periods plus one hour during 


off peak movements. 
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CHAPTER V 
ANALYSIS OF DATA 


The basis of this investigation is the 


hypothesis that: 


1. Split phase traffic signals present less delay to 
motorists using an intersection than a three phase signal 
would and present an equivalent or greater vehicular 


Capacity. 


2. Split phase traffic signals present greater capacity 
to motorists using a high volume left turn intersection than 
a two phase signal would and present little or no greater 


vehicular delay to vehicles using the intersection. 


3. Split phase traffic signals do not present a 
significantly more hazardous operation than a two or three 


phase operation would. 


It is the intention of this study to closely scrutinize 


the operational characteristics of split phase traffic signals. 
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The reviews for this study fall into two broad cat- 


egories namely: 


1. Volume, Delay and Intersections Characteristics. 


2. Accident or Safety record of converted inter- 


sections. 


The final objective of the study is to present guide- 
lines or warrants for the installation of left turn phases 


at signalized intersections. 
Eve VOLUME DELAY AND CHARACTERISTICS 


A. THEORETICAL REVIEW: 


Utilizing existing accepted methods of intersection 


timing design and capacity analysis the difference in cycle 
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length requirements and capacity of various signal operations 


can be shown. 
Two existing City of Edmonton intersections were 


analyzed. The recorded movements were utilized and: 


lemesignalaliming £0m 2; 24%, and 3 phase operations were 


calculated. 
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39 
2. Intersection capacities and level of service were 


determined for the three phasing methods. 


The method of calculation utilized was: 


Voeetoldials Laming 

The "Uniform Traffic Control Devices Manual for Canada" 
(1) method of determining phase timing was utilized. This 
method is based on an empirical formula whereby the traffic 
from any one direction of approach is reduced to an equivalent 


hourly volume per lane. The formula is: 


(Veto co eset. 0.081) 


N 


ve 


where; 


Ve = equivalent hourly volume 


V = total approach volume 

H = the number of trucks or heavy vehicles 
L = the number of left turning vehicles 

N <= the number of lanes available 


The heaviest equivalent approach volume for each phase 
is plotted against the sum of the heavy equivalent volumes of 
other phases in the intersection. This is conveniently 


presented in tabular form in The uniform manual,(1). The theory 
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of this method is that each vehicle passing through an inter- 
section requires 2.1 seconds, with heavy vehicles taking 1.5 
times as much time and left turns taking 1.6 times as much 
time. This method yields high cycle lengths. In practice 

it has been found that this method of design fails when the 
sum of volumes on other cycles lies in the range 700 - 1000 
vehicles per hour and the phase being designed lies at or 
beyond 500 vehicles per hour. When this occurs the 

designer must rely on balancing volumes and capacities to 


determine timing. 


2. Signal Capacities. 


The capacity of the intersections were calculated 
utilizing The Capacity Manual (6) and the capacity nomographs 
as prepared by J. E. Leisch (13). The manual allows con- 
sideration of: 

i. Street width 

ii. Commercial Vehicles 
‘Zii. Parking restrictions 
iv. Right Turns 
Viele bomL UL ic 
vi. Peak hour factor based on metropolition 
vii. Percentage green time (G/C) 


viii. Bus stops. 
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The nomographs allow a graphical solution to capacity 
problems and present the Level C or design capacity of the 
intersections being analyzed. 

The intersections analyzed represent typical city 
signaling situations. The 82 St. - 115 Ave. intersection 
is a typical outlying or residential area signal. The left 
turn phase installed at this location was primarily to 
attract a left turn movement to a newly constructed facility. 
The 103A Ave. - 97 St. intersection is a central area signal 
with high volumes through the entire day and a particularily 
high concentrated peak wenn TABLE I presents the para- 
meters utilized in the intersection calculations. 

For ease of calculation and since this is a theoretical 
analysis, the percentage of commercial vehicles was assumed 


to be 0%. 
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TABLE I 


CAPACITY CALCULATION DATA 


Direction of Approach N Ss E W 


Through Volume 560 286 293 124 
Vehicles per Hour 

(PM Peak) 
Left Volume VPH 0 144 150 69 
Right Volume VPH Sie) dep ge ake ieetsie) 
Total Volume VPH 659 443 456 273 
Width (feet) 2 Se ee ee 


Percent Trucks (Used) 0% O% O% 0% 


97 St; 


N S 


459 396 


0 0 


43 221 


502 617 


25 ieee se 


0% 0% 
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E W 


694 413 


249 O 

43 33 
966 446 
Daye thay 


0% 0% 


The results of this theoretical calculation are shown 


in TABLE II (actual calculations are in Appendix INS 
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TABLE II 
2, 2% and 3 phase 
TIMING AND CAPACITY COMPARISON 


Dir. Total 2 Dee Seeeerotain2 2% 3 
from ph. ph. ph. from ph. ph. ph. 


Table Table 
I I 
Cycle Length 
(seconds) 48 65imn7.2 60 80 92 
Design cap. 
VPH N 659 880 880 780 502 850 810 750 


S 443 880 1000* 750 617) 5850) 810, 750 
E 456 930 720 650 966 940 1300* 980 
W 273 930 720 650 446 1100 820 740 


#Left turn phase plus through phase capacity. 


82 St. - 115 Ave. 

This particular intersection indicates a typical ety 
signal installation situation. The ideal vehicular timing 
that should be installed cannot be used because of minimum 
timing requirements to safely handle pedestrian crossing. 
It also displays the familiar situation that a three phase 


signal could be installed and still provide adequate 


capacity for the present, leaving the ultimate 
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Capacity problem to be handled at Sopa peebiate in the future 
when volumes increase beyond the capacity of a three phase 
Signal. The removal of three phase signal has met with 
resistance from the motoring public and their installation 
should be carefully revised to avoid such a situation 
arising. 

The data presented does show the relative differences 
in cycle length and capacity between the 2, 2%, and 3 phase 
signals. 

It must be pointed out that the flash phase at this 
erqacaniiess location was installed tLomattract a Lert? curn 


for southbound vehicles, and this movement is (144 x 100) 
. 560 


22% of the opposing through traffic. 


97 St. - 103A Ave. 


This intersection presently operates with a lead green 
flash phase, a 2 second clearance between the flash and 
steady green phase, and the pedestrian "walk" phase across 
the flash left movement is delayed 6 seconds after the end 
of the flash sequence. 

The intersection is on the central area fringe. AS such 
it is subject to high concentrated loads and certainly during 


peak periods the volumes are high enough that the intersection 
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45 
operates in a Level E service (Explained on page 51). The 
narrow Eastbound width is such that the 2 phase operation 
coupled with the high opposing through volume would allow left 
turns on the amber phase only. The left turn phase for East- 
boundscrabfliceis (oe x ao 56% of the opposing through traffic. 

413 

This intersection was originally operated as a three 
phase signal. The extreme delay at the intersection prompted 
its reduction in phasing to a 2% phase signal. 

B. FIELD OBSERVATIONS: 

Traffic studies in the past have almost exclusively 
dealt with empirical formulas developed through field obser- 
vations. The advent of the computer has allowed simulation 
of intersection operation. This study is limited to actual 
field observations. Some comparison will be made to simulation 
studies where possible. 

The City of Edmonton has recently been forced into 
improving many intersections to reduce delays. These 
improvements involved both the addition of turning phases 
and the reduction ei three phase signals to 2% phase signals. 

At the time of this report the City of Edmonton had 


22 flash phase signals. Of these: 
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46 
3 were converted from 2 phase to 2% phase lead 
3 were converted from 2 phase to 2% phase extended green 
4 were converted from 3 phase to 2% phase lead 
3 were converted from 3 phase to 2% phase extended green 
5 were initially installed with lead phase 
1 was initially installed with extended phase 
3 were converted from a left turn arrow displayed after 


a through and right phase to a flashing extended phase 


1. BEFORE AND AFTER REVIEW 

Before and after data for 10 intersections were available. 
and are presented in TABLE III. 

The before and after datawere not obtained for this study 
but rather is data that were on record with the CitypoL 
Edmonton Traffic Section. 

Their method of collecting data was to send a counting 
team of four men to count all vehicle movements within the 
intersection, and to sample delays and cycle lengths. Counts 
are recorded in 15 minute intervals during the periods: 

“a 9 AM 
10 - 10:30 AM 
3 - 3:30 PM 


4- 6 PM 
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50 
These counts are then reviewed to determine the peak hour 


volumes. These peak volumes are then recorded on cardex 
cards, maintained as such until replaced by an updated count. 
The old cards are photocopied and filed for future use. 

The general nature of this data does not ailow an 
intense mathematical review of the individual intersections, 
but it is felt that enough evidence is available to indicate 
that the flash phasing has allowed a general increase in left 
turn volume, and a reduction in overall intersection delay. 

When comparing intersections under which two phase 
Signals were converted to 2% phase signals, the major points 
revealed were: 

1. The increase in delay during off peak periods. 


2. The increase in left turns during peak periods. 


This is due to the increased cycle length after the 
phase change and the allowance of the free left during 
each cycle. 

When comparing three phase signals, which have been 
converted, the observations of interest are: 


1. The decrease in delay time. 
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2. The fact that left turn volumes are not reduced. 


These observations indicate the saving of time presented 
by the signal and the maintenance of high Capacities in the 
heavy left turn direction. This compares favorably to the 


theoretical calculation discussed previously. 


2. LEVEL OF SERVICE REVIEW 

The level of service of 20 intersections was determined 
by Homs (12) and is presented in TABLE IV. This data allows 
a comparison of the loading of the various intersections and 
is utilized in various Bereions of this study. 

Level of Service is described in The Highway Capacity 
Manual (6) as, "Level of service is a qualitative measure 
of the effect of speed and travel time, traffic interruptions 
or restrictions, freedom to maneouver, safety, driving comfort 
and convenience, and economy. Travel speed is the major 
factor used in identifying the level of service with ratio of 
service volume to capacity (V/C ratio) being used as a second 
accompanying factor." 

Levels are: 

Level A -free flow with low volumes and high speed. 


Level B -zone of stable flow with operating speeds 
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TABLE IV 


LEVEL OF SERVICE BY HOMS ANALYSIS 


Location 


Ill avev@- 142est? 
107 Ave. - 149 St. 


1O3A Ave. - 97 St. 
101 Ave. - 163 St. 
111 Ave. - 156 St. 
115 Ave. - 82 St. 


118 Ave. - 127 St. 
(2 phase) 


101 Ave. - 142 St. 
(% lane) 


116 St. - 100 Ave. 
VAT) hes me Ty VAY 
Dect emo ALGY La. 
97 Sto = 108'“Ave. 
Siesta Llo Ave. 
(109 St. - 102 Ave. 
103 st. - 104 Ave. 
Jasp. - 97 St. 

95 St. - 118 Ave. 
109 st. - 100 Ave. 


Jasp. - 109 St. 


Left 
Volume 


140 
255 
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120 
B50 
165 


400 


550 
(double) 
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beginning to be restricted. 

Level C -is still stable flow but speeds and 
maneuverability more closely controlled. 

Level D -approaches unstable flow with tolerable 
operating speeds. 

Level E -cannot be described by speed alone. Volumes 
are near capacity level. 

Level F -forced flow at low speeds where volumes are 


below capacity. 


3. ADVANCE FLASH MOVEMENT OBSERVATIONS 

During the first months of flash phase operation, reviews 
were made of lead flash installation to determine the usage 
of flash phases. Seven intersections were observed for +5 
hour periods during the morning and peak periods. The ob- 
servers recorded Sail left turn movements occurring in the 
direction of the flash phase specifying whether the turn occurred 
during the flash phase, the interval during which a green is 
displayed to the advance movement and not the opposing traffic 


or during the steady green phase. The results of these 


observations are shown on TABLE V. 
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TABLE V 


LEFT TURN OBSERVATIONS 


“LELt 
Intersection ame Hi.Gu. tien cl. turns) Daren 
Green 
104 Ave.-103 St. 8-8:30 20 2 48 March 5 
5-5: 30 16 2 19 
8-8: 30 23 2 Bb March 12 
5=-5:30 7 0 17 
108A Ave.-97St. 8-8: 30 47 a 25 March 5 
5-5: 30 ibs 3 20 
8-8: 30 49 0 27 March 12 
5-5:30 15 2 20 
109 St.-Jasper 8-8: 30 92 10 105 March 5 
ie 5-5: 30 58 7 25 
8-8: 30 ue a 134 March 12 
5=-5:30 a 6 26 
101 st.-104 ave. 8-8:30 179 9 61 March 1 
5-5;30 161 7 ae) 
109 st. - 100 Ave.8-8: 30 35 0 25 March 5 
~ 5-5: 30 34 0 Sc 
8-8; 30 ay 0 2) March 12 
5-5: 30 Sz i 36 
103A Ave.-97St. 8-8: 30 he 9 26 March 1 
5-5:30 106 iar 23 
8-8: 30 1s) 0 Go March 1 


5-5: 30 18 1 67 


© rots 


I ‘dstem 


¢ ‘rS>I6eM 


< 


€f HoxeMm 


i “tozem 


2 siotem 


Sf dousn 


i Aa¢nM 


i ottaia: 


a ob Fase | 
gp OF sB46 | dpaRes 
ef - ORE 
a: nt 838) 
= el * “UE idee: 
ol . Se | VEgo-8 
y a Desde 
2° y ABR BBS 5? 
3 Sa OS 248 ne 


rt ~f SL Nera 
0° © EE CE TE=8 svi: la 
Op BE | OB adag | 
_& ot ae pe i> as 
aa 
@ 
it 


j a 
Cit 08 BaB a | 


55 


The data obtained from *% hour studies was primarily 
to record use made of flashing phases, the clearance period 
and the steady green phase. All signals observed are of 
the lead type. 

This data, as does other data in this report, points 
out the shift in the majority of turns from the steady green 
phase to the flash phase during periods of congestion. This 
is particularly evident in the 103A Ave. - 97 St. and 
104 Ave. - 10lst St. data. 

Similarily high volume turns appear to be forced into 
utilization of the clearance phase during high volume 
periods. Remarks of the observers suggest that most drivers 


realized they were turning on the clearance phase. 


C. FIELD STUDIES: 

1. Left Turn Movements 

The first study was simply an observation of the split 
phase operation. For this study the observer watched the 
left turn movements during peak and off peak periods 
recording: 

I Lead Phases - left turns on 

1. flash green phase 


2. steady green clearance phase 
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both direction green 


yellow phase 


red indication 


II Extended Phases - left turns on 


i. 


Green phase - jumped the gun 


i.e. quick start across opposing queue 


_ both direction green 


green clearance (yellow to opposing traffic, 
steady green to left turning traffic) 
flashing green 

yellow phase 


red indication 


The results of this study are presented in TABLE VI. 
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60 
: DISCUSSION OF INTERSECTION OBSERVATIONS 
A. TWO PHASE OPERATION: 

The most obvious observation of two phase left turning 
movements is the percentage decrease in left turns taking 
place during high volume operation and, probably more 
importantly the percentage of left turn movements taking 
place during the amber and red phases of the cycle in 
high volume periods. 

These observations bring B. W. McKay's (5) observation 
into focus. Namely: that if an average of two or more 
turns take place during yellow and red phases, a special 
phase is required. The 109 St. - 107 Ave. cycle length 
averaged 97 seconds during the peak periods as 26 cycles 
per hour suggesting that none of the directions considered 
indicate a left turn phase is necessary. However, on 
reviewing the fifteen minute breakdown of the counts, the 
westbound left averaged 17/6.5 = 2.5 turns during the 
period from 5 - 5:15 PM. The northbound averaged a 
similar rate during the periods 8 - 8:15 AM and 5 - 5:15 PM. 
This could indicate the possibility that volumes are such 


that a left turn phase may soon be warranted. 
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One other point is the reluctance of drivers in this 
intersection to jump the gun on left turns. This is 


probably due to the generous geometry of this intersection. 


B. TWO AND ONE HALF PHASE EXTENDED GREEN OPERATION: 

This data clearly indicates the main advantage of 
the split phases, namely the full utilization of the full 
green phase in the absence of opposing direction traffic. 
With little opposing traffic the percentage of left turns 
on the full green went as high as 71%. It is the authors 
opinion that this figure could be as high as 100%, except 
for the random arrival of vehicles. This suggests that 
during off-peak hours, the lag flash could be dropped from 
the cycle. 

The utilization of amber and red portions of the 
phase cannot be eliminated, but their use again can be used 
as a barometer.to gauge the volume handling adequacy of 
the signal. 

Of interest in this data is the information presented for the 
Eastbound left turn at 156 St. - 111 Ave. This is the 
movement opposite an extended left turn and in this case 
was not banned. The left turns on amber and red are across 


the path of vehicles facing a green. And they were invariably 
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described as dangerous by the observers. 


Cc. TWO AND ONE HALF PHASE LEAD GREEN OPERATION 


Here again, the advantage of utilizing the entire 
green portions of the phasing is noticed, with as high as 
51% of the turns taking place on the steady green. The 
shift to reliance on the flash phase as opposing volumes 
build up is also noted. 

This operation would not lend itself to the removal 
of the flash phase during off peak hours as many motorists, 
obviously familiar with the intersection, utilize a very 
quick start on the flash to make their turn. 

The utilization of the clearance phase draws attention 
to this portion of cycle. The observers noticed that 
this clearance period should be designed to allow the last 
vehicle to turn prior to the start of the opposing column 
and that if a vehicle stops at the loss of the flash and 
has enough time to start prior to the opposing ClLaccac 
starting, a dangerous situation arises. Based on this 
observation, the City has timed the clearance period con- 
sidering the starting response of the opposing queue. As 


determined later, the starting response is approximately 
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2 sec., therefore the clearance period should be only 2 


seconds if a second clearance is required. 


2. Left Turn Delay Study 


The second study carried out was to determine left 
turn delays. For this study, two field observers were 
required and depending on the type of intersection (i.e. 
one direction left turns banned or not). The observers 


each carried out two operations. These were: 


i. Every tenth vehicle was timed by stop watch 
from time of arrival in signal queue to exit from 
the intersection. 

This was initially based on every fifteenth 
vehicle, but was reduced to every tenth on the first 
day of observation. Several signals involved had a 
cycle capacity of approximately 15 vehicles per eyole: 
Due to this, it was felt that biased readings were 
resulting. For example, for four cycle readings in 
a row, the fifteenth vehicle was the third vehicle 
from the stop line. 

ii. To count all through, left and right turn movements 
from the direction he was observing. 

In addition to the above, sample cycle lengths were 


taken every five minutes. 
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DISCUSSION OF INTERSECTION DELAY 


The delays observed in the left turning lanes at 
studied intersections reveal the following: 
A. TWO PHASE INTERSECTION 

The obtained data for a two phase intersection in- 
dicate that the number of left turning vehicles remain 
fairly consistent through peak and off peak hours. The 
delays recorded indicate that the left turning delay in 
2 phase signals varies directly with the cycle length and 
the intersection volume. This would indicate that, as 
reported by others, the cycle length is the key to inter- 
section delay. 

The eerie for this study were obtained during a one 
day count. The short period of observation in off peak 
hours makes the data subject to extreme variation by as 
few as one or two poor readings. The 107 Ave. - 109 St. 
WBD 9:30 - 10:00 AM reading includes data of a vehicle 


stalled through one cycle, thus giving an unusable average. 


B. TWO AND ONE HALF PHASE EXTENDED SIGNALS 
The two and one half phase signals indicate a similar 
relationship between delay and cycle length as the two 


phase signal. However, whereas the two phase average 
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delay is, for most cases, greater than 50% of the cycle 
length, in the 2% phase signals the average delay is in 
most cases less than 1/3 of the average cycle length. 

A review of the left turn volume expressed as a per- 
cent of the through volume points the obvious need EOVwethe 
special left turn consideration with the turn running as 
high as 46.5% of the through volume. 

Of interest is the data obtained for 156 St. - aba lak 
ave. EBD traffic. This turn has no separate turn phase 
and presents an amber phase to turning traffic while opposing 
direction traffic has a green phase. The delay is low 
and reflects the high capacity volume TaticfoOLechce inter 


section. 


Cc. TWO AND ONE HALF PHASE LEAD SIGNALS: 

The lead phase signal shows similar delay character- 
istics to the extended phase signals. The one exception 
being the 103A Ave. - 97 St. PM average delay. This 
movement is over capacity and this is reflected in the average 
delay recorded. 

Utilizing Hom's (11) analysis to determine level of 
service, a plot (FIGURE10) of delay time based on volume 


and level of service is made. The effect of congestion 
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is clearly evident and points out the desirability of pro- 
viding the most efficient timing sequence hence the best 


design capacity to reduce delay experienced. 


D. THREE PHASE SIGNALS: 

The three phase data deals with the all movement 
phases of two signals and the phase which has an opposing 
movement for southbound traffic at lll Ave. - 142St. 

The all movement phases indicate a delay of approx- 
imately 1/3 the average cycle length. The significant 
point is that the left turn volume is low. When compared 
to similar volumes handled by a 2% phase signal much 
less delay is incurred, by the split phase signal. 


i.e. 82 St. - 115 Ave. 331 left turns - delay 30.4 sec. 
vs. lll Ave. - 149 St. 370 left turns - delay 44 sec. 


156 st. - lll Ave. 78 left turns - delay 18.2 sec. 
vs. 111 Ave. - 142 St. 85 left turns delay 28 sec. 


The two directional movements in the three phase 
signal shows a fluctuating condition wherein a low delay 
is recorded during off peak hours and an extremely high 
delay during peak hours. This indicates that the assured 
green time during off peak adequately handles through and 


turning movements but the peak hour through volumes are 
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high enough to pre-empt the turning movement. The green 
to cycle ratio is low and creates a peak hour capacity 
restriction. 

A plot of left turn delay versus total phase approach 
volume (i.e. Approach through and left plus opposing 
through - see FIGURE 11) indicates that the left turn 
delay for a two phase signal crosses the single lane 
split phase and three phase delays in the range from 1000- 
1200 VPH total approach volume. 

This is the range that the designer must consider 
the installation of a special left turn phase. Certainly 
if the geometry of the intersection is such that the 
through vehicle delay reflects the left turn delay, then 


a special left turn phase is warranted in this area. 
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3. Starting Response 
The third study carried out was a review of starting 
response. Data was collected from two types of intersections. 
1. An advance flash phase signal 


2. A two phase signal. 


The data obtained was compared to that collected by 
E. T. George Jr. and F. M. Heroy gre (LL) andethen to the 
time-space discharge data presented in the NCHRPR #32 (6). 

The results of the starting response are shown in 


TABLE VIII. 


TABLE VIITL 


STARTING RESPONSE 


Vehicle 2 phase 2% phase 
(Sec) n (Sec) n 
1 es oak 1.8 42 
2s PoetS) 34 Sh6 2 39 
3 Se 26 4.1 43 
4 4.9 20 4.4 27 
5 5.4 14 4.8 Ook 
6 6.8 7 Sets) ee 
7 ite) 4 ahs Uh 6 
8 9.4 5 LOcy, 4, 
9 10.8 4 
10 14 1 


n ® number of observations 
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The starting response data was collected to see if 
a materially shorter starting time could be observed at 
a flashing green aHermen aS was expected by observation. 
The second purpose for obtaining the data was to compare 
the data to the NCHRPR #32 (6) simulation discharge run. 
FIGURE 12. . 

The data collected does not indicate a material 
difference in starting response between the two signal 
types (average response used) nor does it vary markedly 
from the Starting Response data of E. T. George Jr. and 
F. M. Heroy Jr.(11) as shown in the FIGURE 13 below, 
particularly for the eleis Geib vehicles 

The one noticable difference between split phase and 
two phase starting response is the location of the knee 
or simultaneous starting point in the queue. The two 
phase data knee point occurs between the 6th and 7th 
vehicle as did George & Heroys{ 11) FIGURE 2 & 3. The 
split phase differs in that the simultaneous start occurs 
between the fourth and fifth vehicle. This was particularly 
evident during peak hours. The drivers appeared to be 


more attentive and were anticipating the signal change. 
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The comparison of the data to the simulation run indicates 
that the field starting response is somewhat ahead or quicker 
than the simulated procedure. 
The starting response data utilized for this study 
was not as eerensive as George & Heroys (11), but 
the 300 plus samples are large enough to cover random 


errors. 


4. Left Turn Volume Limits at 2 Phase Signals. 


The review of left turn volumes warranting left turn 
phases again utilized the City of Edmonton peak hour inter- 
section counts. Only the opposing through volume and the 
left turning volumes were considered. The data utilized 
is listed in Appendix B. The results of this review are 
shown on FIGURE 14 below. 

Left Phase Warrant 

The left turn no opposing traffic plot for two phase 
and some multi phase signals indicates a rather well 
defined limit to allowable left turn volumes.based on opposing 
through traffic. This is etown in FIGURE 14. 

These data are primarily peak hour counts and as such 


reflect at least design capacity operation. 
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The CGRA (1) standard of 10 & 20% of heavy volumes 
is, as expected, opposite to the actual left turn capacity 
at the extreme ends of the plot but rational in the 450 


to 700 opposing volume range. 
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Li. MOAPETY, 

As stated in "Traffic Engineering" by Matsun Smith 
and Hurd, the objective of phasing is to accommodate all 
traffic movement with increased safety and minimum delay. 
The obvious question to be asked with regards to safety 
of lead and lag phases are: 

1. are split phase signals safer than two phase 


operation? 


2. Are split phase signals safer than three phase 


operations? 


3. Can an increase in accidents be expected when 
converting from a two or three phase signal operation 


to a split phase operation? 
4. Which is safer - a lead or a lag split? 


5. What effect does the split phase have on pedestrian 


safety? 


6. What special precautions should be considered to 


make split phasing acceptable for motorists safety? 
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To answer these questions, traffic accident records 
for 26 intersections were reviewed. Of these, 11 were 
complete enough to procure before and after comparisons. 

The accident records utilized are maintained by the 
Traffic Engineering Division of the City of Edmonton 
Engineering Department. The data for the accident records 
are obtained by the Edmonton City Police. The Police policy 
is to attend all accidents occuring in the city. The 
damage estimate is made by the officers investigating the 
occurrence. It is felt that the data reported for both 
the before and after data is comparable, with the only 
inequality being the inflationary trends of the time 
period. 

Injury data is not considered in this study. Police 
reporting does not distinguish severity of injury accidents 
and a minor cut and major fractures appear only as an 
injury. Injuries recorded at split phase signals for 


1968 and 1969 are shown in TABLE Ix. 
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TABLE IX 


INTERSECTION INJURIES INVOLVING LEFT TURNS 


1968 Injuries 1969 Injuries 
Location Left Turn Other Left Turn Other 
142 St.-Stony P1.Rd.* = - 2 3 
97 St. - 1lO3A Ave. - 8 a1 4 
\275St. — 118° Ave.+ 1 3 4 ay 
Jasper - 109 St. 4 34 - 28 
109 st. - 100 Ave. 1 5 - - 
97 St. - Jasper Ave. - 8 - 8 
95 st. - 118 Ave. = 8 - 3 
101 st. - 103AAve. 7 ike 3 
127 st. - 125 Ave. = 4. | 3 7 
97 St. - 118 Ave. 3h 5 4 8 
116 st. - 100 Ave.* = = - 10 


*Signal phasing installed Nov. 1968 


+Signal phasing installed June 1968 


Esixupal eeel | oboe Lge 
sang” int. 75.1 3139 
£ s s - 
- ; ; 
cf E hi 
as . ne b. 
~ . a: [ 
8 7 8 : 
B.° J a. . 
e - Ef : 
. E b : 
g p 2 I 
of “ - - 
. AGRE .vow Keltevank 
“BEGE oaut Bellsitant ‘pai 
- 
an 


84 

One major problem encountered in the data review was 
the Traffic Engineers conversion from hand prepared 
accident cards to computer printed accident cards. This 
conversion took place at the beginning of 1968. The 
hand cards located all accidents at intersections, whereas 
the computer analysis distingui es the distance of 
occurrence from the intersection, thus eliminating mid 
block occurrences from the intersection total. Intense 
reviews were required to eliminate non intersection accident 
records from the pre 1968 data. The only remaining 
questionable data in tne accident review is in the "Follow- 
too-close" accident. In long queues this type of accident 
may occur in excess of one block distant from the inter- 
section being reviewed. This occurrence is felt to be 
rare and would be recorded in a similar manner for both 
the before and after data. 

One interesting aspect of motorist safety at split 
phase signals are the opinions expressed by engineers, 
police and motorists at large. The outstanding fact in 
reviewing such data is that it is undoubtably based on 


opinion rather than experience. For example, the 
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Canadian Manual (1) in the 1960 edition only remarks 
concerning extended green phases were objections namely: 
1. waiting vehicles will seriously reduce capacity 


unless separate turning lanes are provided. 


2. drivers waiting to turn cannot tell when movement 


from the opposite direction is stopped. 


3. since two clearance intervals are required, 


it is equivalent to three phase operation. 


However, the 1967 meetings on the same subject indicated 
a reversal of the former standards with most members 
recommending the use of extended phases. 

Generally, safety arguments concerning lead and lag 
phases are: 
A. Lead 


for 
1. Left turns take place across the path of stationary 


vehicles. 


2. Left turn starts from a stop. 


against 
1. Opposing direction traffic may start when seeing 


advance phase traffic move. 
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2. Pedestrians require special phases to prevent 


their crossing until left turns completed. 


B. hag 


for 
1. Movement takes place well in pedestrian clearance 


phase. 


2. Is a natural movement as most left turns take 


place on amber phase. 


against 
1. Opposing traffic clearing on amber isSeineconrlict 


with turning traffic facing a green. 


Observations from Edmonton Police officers have been 
based on observation of the operation and generally favor 
the extended or lag green. Surprisingly though, Edmonton 
police officers in almost ail cases cited the intersection 
of 127 St. - 125 Ave. as an example of a safe operation 
and 103A Ave. - 101 St. as an example of an unsafe operation, 
whereas a review of accident data suggests the opposite to 
be true. 

Motorists in general opposed flashing operations from 
a safety point, particularly during the introductory 


period. Telephone calls to the Traffic Engineering office 
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87 
plus interviews with motorists concerning flashing phases 
seldo were favorable. This may point to the fact that 
motorists are unaware of the efficiency aspect of the 
signals but the safety aspect is obvious and of concern 
to them. Opinion reviews indicate that the motoring 
public in Edmonton prefers the extended left turn phase 
over the two phase or advance phase, but prefers a three 
phase over an extended phase signal. The argument pre- 
sented was almost invariably safety. 

The procedure utilized to compare the differing signal 
systems was to compare equal time period accident data 
before and after the signal conversions. The after period 
was the controlling factor and varies from six to 31 
months. Both the total accident rate and the value of 
damage done were compared by use of a Poisson distribution. 
These aoe are presented in TABLE X below. 

The accident numbers at each intersection were reduced 
to accidents per six month rate and then before and after 
accident rate and annual accident costs were compared 
utilizing a Poisson distribution. Hom's (12) level of 
service procedure was utilized to determine operating 


level of service of each intersection from TABLE IV. 
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89 
The Poisson distribution gives a percentage prob- 
ability that accidents changes from the normal through 
other than random occurrence. i.e. a 72% figure means 
that there is a 72% probability that accidents increased 
due to signal changes. 
For Poisson distributions, Chebyshev's formula can 
be utilized to determine the two standard deviation range. 
(For Poisson distribution the variance equals the mean, 
i.e. u = O hence u t 20 is the two standard deviation 
range). 
None of the intersections exceed two standard deviations 
indicating significant changes are questionable. 
Hom's evaluation reveals that high accident locations 
are operating on level of service E (i.e. 97St. - 103A Ave. 
1oOlst. - 103A Ave. 
1O7eSte — 125 Aves) 
The exceptions are: 
1. 116 St. - 100 Ave. which operates at level E, but 
has recorded only 4 accidents per year. 
2. Jasper Ave. - 109 St. indicates a level of service 
A - C considering the EW movements. The intersection 
does operate on a level E operation NS and this is 


the contributing factor to accidents. 
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The eleven intersections considered in the before 
and after review of TABLE IV have individual traits which 
may have affected the accident results, therefore each 
of these intersections is reviewed to clarify the tab- 
ulated results. 

1. Two Phase Signals with Left Turn Phases Added: 

a. Advance Phases: 

i. 109 St. - 100 Ave. 

This intersection operates at level of service 
A-C. The before and after period are of 30 month duration. 
In the before period, 81 accidents occurred with value 
of damages being estimated at $26,000.00. in the after 
period, 42 mee ente were recorded at an estimated value 
of $11,000.00. The Poisson comparison indicates a 99.63% 
likelihood that the after period accident rate was 
decreased. 

In addition to ‘ne original changes, geometric changes 
were introduced at approximately the signal change over time. 
It is the author's opinion that although the geometric 
change is of significance, the signal change certainly did 
not create a hazardous condition. No left turn accidents 


were recorded. 
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b. Extended Phases: 

Te JOE SC LOM AVE. , 

The intersection was converted in Feb. 1968 
to allow a westbound left turn. The signal operated in a 
level of service A - C both before and after the conversion. 
One accident involving a left turn in the special phase 
direction was recorded before the conversion and none 
after. While a vehicle increase from 10,000 ADT to 14,000 
ADT was detected, before and after totals indicate 25 and 
19 accidents respectively. The Poisson analysis indicates 
an 97.87% likelihood eae significant reduction in 


accidents has been realized. 


2. Three Phase Signal Reduced to Two and One Half 
Phase Signals: 


1. Advance Phases: 

i. 97 St. -— 103A Ave., 

Volume and geometrics combine to dictate a level 
of service E at this intersection. The road is reduced 
from a three lane eastbound roadway to a two lane road 
with heavy left turn in the intersection. The volume 
recorded is 17,000 ADT. The accident record after the 
initial change led to two innovations in signal timing, 


namely: 
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-~ A delayed pedestrian signal for crossings across the 
left turn movement. 
-~ The clearance interval between the end of the advance 
flash and the opposing green is adjusted to consider the 


starting response of the opposing traffic. 


Accident records indicate Before and After records of 
54 and 70 respectively for the 30 month comparison periods. 
{The Poisson analysis suggests that there is a 85.40% 
chance that the increase is due to the signal change, and 
a 97.18% chance that the accident cost increased. 
The three phase operation had no left turn accidents 
and the 2% phase signal had 16 in the study period. The 
left turn accidents were concentrated in the first twelve 
months of operation. However, enough data is not available to 
determine accident rates since pedestrian and clearance changes 
have been made. Reviews would suggest that conditions at 
this intersection would dictate the conversion from 
advanced to extended phasing for the left turn. 
ii. Jasper Ave. - 109 St. 
This intersection is probably one of the busiest 


in the city. Prior to July 1967, separate moving phases 
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93 
were displayed for east and west bound traffic. after July 
an advance phase was installed for eastbound traffic. 
Initially, westbound left turns were banned. However, this 
restriction was removed in 1969. Prior to 1967 N-S left 
turns were banned during peak hours. Geometric changes 
during 1967 allowed left turn bays and the ban was removed. 
The pre change east-west ADT was 22,000 and the post change 
ADT is 23,000. The accidents occurring for a 30 month 
period before 1967 were 130, with the 30 month period 
since 1967 being 126. The most marked increase in accidents 
involved the N-S left turns. 

The Poisson comparison suggests that there 1s only a 
50.06% chance that there was an accident increase. The 
volumes are relatively close and it 15 suggested that no 
signicant change could be detected. 

The E-w left turns were 4 before the conversion and 
Zoe Lei. 

The significant point in this intersection accident 
record is the fact that before the timing change the east 
west legs were below capacity. The change in timing gone, 
a more equitable amount of green time reducing congestion 


and hence accidents have not increased in total. 
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i129 97thyst. — Vasper Ave., 

This is a T intersection with the east west 
movement. The accident record indicates a before and after 
record of 48 - 46 respectively, and ADT of 14,000 and 
18,000 before and after the change. Here, again, the add- 
itional east west green time and resulting reduction in 
congestion presented an increasing accident rate. 

The left turn accident figure increased from 0 perone 
to 18 after the change. However, the Poisson analysis 
of cost changes for accidents suggests 97.86% chance that 
accidents: costs were reduced and the reduction is outside 
2 standard deviations suggesting a significant reduction 


in costs. 


2, Extended phase: 

eee 2] SSCs ell ewAve’s 

This intersection was subject to intense con- 
gestion during peak hours, particularly during the morning 
period. Separate phases were provided for North and South 
bound movements. In Jan. 1968 an extended phase to allow 
southbound left turns was added and the northbound left 
turn was banned. The ADT before the change was 10,000 VPD 
north and south and is now 14,000 VPp north and south. 


The accident history is before 46 accidents during a 21 
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month period and 37 since. Considering the congested state 
of the intersection, the banning of the northbound left 
turn became a necessity. Such a restriction should be 
considered on extended left turn phases. The left turn 
history indicates 1 left turn accident before the change 


and 3 since. 


1 eo LOC AVee, 

This intersection originally had separate east 
west phases and handled an east west volume of 19,000 VPD. 
Since the addition of an extended eastbound phase, sim- 
ultaneous east west movements and a westbound left turn 
ban, the east west ADT is 22,000 VPD. The accident record 
is 42 accidents during the 21 months prior to change and 
54 accidents in the 21 months since the change. 

The capacity improvement can be seen in the ADT figures. 
However the intersection would still be classed as congested. 
Thus the left turn ban is a necessity. 

The Poisson analysis indicates a 84.44% chance of 
accident increase due to the change. Left turn accidents 


increased from 0 to 6. 
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Silos Cee OCRAVe 

Originally a three phase signal with separate 
east west phase 7000 ADT east west were handled with 
an accident history of 4 accidents occuring during a 13 month 
period. Since the change, ADT has increased to 8000 and 
accidents for the 13 month period were 5. The intersection 
has ample capacity and no turning restrictions were 
imposed. The Poisson review suggests, due to the small 
totals, that a 71.14% chance exists that the accidents have 


increased. 


a. Double Left Turn Extended Green: 

ie 142 St. — Stony Plain Road: 

The high westbound left turn has demanded a double 
left turn movement. Originally separate east west phases 
were installed. During a 13 month period, 28 accidents 
occurred and 21,000 VPD travelled east west. The aera 
was converted to an extended left turn phase and the 
east bound left turn banned. For the 13 month period 
since the change, 38 accidents have occurred and 23,000 


VPD have been handled. 5 of the 38 accidents involve 
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left turns. The Poisson analysis suggests a 89.05% 
chance of accident increase. 
This intersection is severely congested and high 
delays were not uncommon. Observations since the change 
indicate that very few vehicles now turn from the extra 


left turn lane. 


Tie. Stee Leon Ave. 

An extended eastbound double left was installed 
in June 1966, in place of the previous 2 phase signal. 
This was the first flashing phase signal in the city. 

The before and after accident history for 36 months is 
56 before and 130 after. However, there were 12 left 
turn accidents before and 14 after. The high number of 
accidents is due primarily to lane usage violations 
i.e. straight through from left turn lane. The Poisson 
check suggests a high likelihood that a significant 


increase in accidents has occurred. 


iii. 103A Ave. - 101 St. 

103A Ave. is heavily congested at its inter- 
section with 101 St. Eastbound geometry allows a left 
turn bay, adjacent to this is a through and left lane. 


Originally separate phases were allowed for east and 
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98 
west direction. In July 1967, an advance double 
left was introduced which in turn followed by a sim- 
ultaneous east and west green. Accidents before and 
after are 84 and 88 respectively for a 30 month period 
with O vs. 17 for the special left phase. The increased 
east west capacity seems to be the main factor in the 
accident record. ADT before and after are 16,000 and 
17,000 VPD respectively in the east west direction. A 


65.5% chance that an increase occurred is determined. 


One obvious factor in this review is the increase in 
left turn accidents occurring when three phase signals 
are converted to 24% phase signals. However, as shown 
in TABLE XI below, the overall accident picture is not 
significantly changed. It is suggested that the left turn 
accident increase should not be taken out of context by 
opponents of change. One must conclude that the signal 
introduces a left turn accident possibility, but that the 
increase in left turn accidents is offset by reduction 
in other types of accidents, probably follow too close 
accidents caused by congestion. 

One point that has not been adequately resolved in 


this study is the rate of increase as compared to volume 
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TABLE XI 


3 PHASE TO 24% PHASE ACCIDENTS 


Intersection Left Turn Total Costs 1,000) Injuries 
Before After Before After Before After Left Other 

97 Ste ae 

103A Ave. 0 16 54 70 18 26 1 a5 

Jasper 4 2 130 126 43 55 4 62 

oy) tea 

Jasper 0 18 48 46 8 4 - 16 

118 Ave. 1 3 46 37 17 11 5 a5 

97 St.- 

118 Ave. 0 6 42 54 11 ney, 5 13 

1l6é=Sts - 

100 Ave. ae) 8) 4 5 ay) co 0 10 


increase. Another major factor which should be considered 
is the fact that accident volumes are generally increasing. 
The Glee annually reports an increase of 15 - 20% in its 
accident rate per year. This annual increase should have 
been allowed for in the analysis. However, since the 
exact increase was not known, no allowance for increase 


was made. 


GENERAL DISCUSSION 


The introduction of the flashing phases was made in 
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1966 and inquiries as to their meaning are still being 
received in the Traffic Engineering office. This would 
indicate that some of the accidents could be attributed 
to confusion or misunderstanding on the part of motorists. 
Unfortunately this aspect is not recorded, and although 
the phases have been utilized in Edmonton for four (4) 
years, they can still be considered in the introductory 
stage. This will only be clarified when the phases are 
nationally adopted and utilized. The introduction of 
flash phase signals should be accompanied by as intense 
a publicity campaign as can be afforded, and such a 


campaign should be carried out on a regional basis. 
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CHAPTER VI 
CONCLUSIONS 


The general purpose of this investigation was to review 
the split phase left turn and to develop guide lines for the 
use of such phases. The conclusions drawn are presented in 


Phismportion of the thesisi 


A. OPERATIONS 
1. At High left turn two phase intersections higher 
turning capacity and through Capacity for the turning direction 
traffic can be provided if special phasing Wop instacuLceds 
Split phasing should be considered ahead of three phase signais. 
2. Three phase signals can be reduced to split phase 
timing and provide good capacity, particularly if the three 
phase signal was installed due to a one direction heavy left turn. 
3. pedestrian Walk phases should be delayed 2 - 3 seconds 
after the steady green commences on lead phase signals. 
4. Edmonton motorists recognize and comprehend the flash 
green left turn phase. 


5. he 2 way green portion of the signal can and is being 


used for left turn movements when opposing volumes allow. 
101 
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6. Two phase intersections displaying high turning 
volumes on yellow or red phases should be reviewed for special 
phases (2 per phase over a 1/2 hour period is a rough guide (Sr 

7. In areas where left turns are required at certain 
times only, extended split phases should he utilized and 
can be added either by time clock or presence detector operation. 

8. Opposing left turns should be banned for extended 
phase signal installations. 

9, Lead left phases should be considered at intersections 
which operate in the level A-C range. 

10. Green clearance phases should he utilized in lead 
phase signals. The length of the clearance phase should consider 
the starting response of the opposing queue. 

11. When opposing volumes in an intersection exceed 
1000 VPH, and one leg has a high left turn movement, delay 
will be reduced for the left turning traffic by introducing 
a special turning phase. Below the 1000 VPH volume, delay 
in the intersection would be increased. 

122. Lead phases will offer less delay than Extended 
or three phase signals. However, ae extended phase may be 


dropped during off peak periods and should be considered. 
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13. Lead phases are preferable to lag phases if an 
opposing left movement is required. 
14. Extended green phases lend themselves to inter- 
sections operating above Level of service - C. 
15. Extended green phases are recommended if a left 


turn bay is available. 


B. STARTING RESPONSE 
1. The starting response of Edmonton motorists are similar 
to that determined by George & Heroy (7) for New Orleans motorists. 
2. The location of the ripple indicating simultaneous 
starting in the queue is at the fourth vehicle in the flash 
queue as opposed to the sixth in steady green queues. This 
indicates that the motorists are more prepared to start at 
this location. This is attributed to the drivers familiarity 
aan the intersection as motorists who appeared confused, 
stopped rather than proceeding quickly through the intersection. 
3. The comparison of actual to simulated starting 
response indicates that the actual start is slightly quicker 
than that estimated and that this may affect field comparisons 
to simulated results. 


4. The starting response data was recorded during 


summer months. Winter and rainy weather response is undoubtably 
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slower and in countries experiencing long periods of icy 
roads, special consideration of reduced starting response 


should be made in signal timing. 


C. LEFT PHASE WARRANTS 

1. The 10 - 20% envelope utilized in the Uniform 
Traffic Control Devices Manual for Canada (1) approximates the 
limit of 2 phase left turn capacity in the 450 to 700 VPH 
opposing traffic range. The areas below and above this range 
should have a warrant which is the reverse of the 10 —- 20% 
envelope i.e. smaller above 700, larger below 450. 

2. A left turn phase warrant utilizing the following 
graph, FIGURE 15 or if the following parameters are exceeded, 


is recommended: 


OPPOSING THROUGH LEFT TURN 
0 - 450 VPH 2007 VEL 
450 — 700 VPH LOO+S VEX 
700+ VPH 60+ VPH 


D. SAFETY CONCLUSIONS 
It is concluded that when split phase signals are being 
considered, this basic data is required: 


1. A capacity review of the intersection. 
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2. The requirement for opposing left turns be reviewed. 

3. Pedestrian crossing volumes. 

The answers to the questions posed at the outset of the 
Safety Report section are: 

1. Split phases are safer than two phase operations, 
particularly congested two phase signals. 

22S ete Dnasecs are comparable to three phase signals 
for safety only if the signal is operating in the level A - C. 
Extended left turn phases with opposing lefts banned display 
a favorable accident to three phase signals. 

3. A Change from two phase to split phase, will probably 
have a reduction in accidents. A change from three phase to 2% 
phases will show an increase in left turn accidents, but a similar 
_ overall record. 

4. Lag phases wien opposing lefts banned are safest. 
Lead phases are preferable to lags with opposing lefts not 
banned. However, level of service is of prime importance. 


5. Split phasing has little effect on pedestrian safety. 
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CHAPTER VII 
RECOMMENDATIONS 


the Research concerning starting response should be pursued 
since phasing appears to affect response. Weather and pavement 
conditions would also have an effect on response. Thisein 

turn would affect the signal timing, detector spacing and 
capacity of intersections for signals experiencing long 


periods of inclement weather. 


fees A North Amexican standard left turn indication is 
required. The use of a left arrow plus a green ball is 

easily understood and is recommended. The use of the flashing 
“green arrow conforms to this display plus imparting the 


necessity to hurry. 


cy Research into the most effective method of introducing 
control device changes and publicizing traffic device meanings 


is required. 
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APPENDIX A 


CAPACITY CALCULATIONS 


VOLUME CAPABILITIES OF INTERSECTIONS 


ihe 82 St. = 115 Ave. Pe 
Datas 

Northbound left 

thru 

right 

Southbound left 

thru 

right 

Westbound left 

thru 

right 

Eastbound left 

thru 

pee Wepohe, 


M. 


Peak. 


total 659 


total 443 


total.273 


total 456 


Utilizing the CGRA Uniform Traffic Control Devices Manual 


method to determine timing 


NBD equivalent volume 


SBD equivalent volume 


WBD equivalent volume 


Ve 


=( V+0.5H+0.6L) 


i 


= 


N 


659 + 0.5(1) + 0.6(0) 
2 


329 


443 + 0.5(1) + 0.6(144) 
2 


264 


ware 


o7ee+ 0.5(1) + 0.6(69) 
2 


157 


ear 
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EBD equivalent volume = 293 + 0.5(1) + 0.6(150) 


2 
EO 


Timing design —- utilizing CGRA manual are: 
a. Two Phase 
N-S green time = 16 sec. 
E-W green time = 14 sec. 
Clearances 2 @ 4 sec=8 sec. 


Pedestrian time .25c (Cc = 50') 
=) 12.5 Sec. 


plus 8 sec. walk timing = 20 sec. 


Signal timing equals N-S green 20 sec. 
E-W green 20 sec. 


2 yellows @4 = 8 sec. 
Total Cycle = 48 sec. 
G/c = 50 = 50 
Note that the SBD left turn exceeds 20% of the 


through volume in the heavy direction ie.560 NBD. 


b. 2% Phase 


N-S green same as 2 phase. 

E-wW green same as 2 phase. 

Clearance same as 2 phase. 
plus left turn phase 13 sec. 


Ve = 144 Sum of equivalent volumes 450 VPH. 
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plus additional clearance phase 4 sec. 


Total Cycle = 6.5 sec. 


c. 3 Phase 


NBD Green = 19 sec. 
329 vs. 450 


SBD Green 264 vs.510 17 sec. 
EW Green 191 vs. 580 = 16 sec. 


plus three yellows @4=_12 sec. 
64 sec. 


Utilizing minimum pedestrian times 


@ 20 sec. leg = 60 sec. 
clearance 12 sec. 
72 sec. 


Capacity Analysis (Nomograph procedure) 


2 Phase signal - sorste.— 115 Ave. 


N-S E-W 
Wa = 25' 25 
%R = 15 30 
%L = 22 30 
Metro Size = 500,000 500,000 
G/c = 0.50 yeh!) 
%Tr.= O 0 (assumed) 
CD = 880 VPH Cd = 930 
2% phase 
N-S Green _EW_ Flash 
as above except 
L = 0 
G/L = 0.31 =) (alc = 0.20 


200 VPH 


Cd = 800 VPH =720 VPH 
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3 Phase 


N Grn 
G/Caaeec 
Cd = 780 VPH 


2. 97 St. -_ 1LO3A Ave. 
Data: 

Northbound left 
ths 

right 

Southbound left 
thru 

right 

Eastbound left 
thru 
right 

Westbound left 
thru 

right 


CGRA Equivalent volumes: 


NBD = 
2 


el iss 


SBD = 
2 


= 308 


EBD = 988 + .5(1) + 


EW 


025 
650 VPH 


413 
33 


502 +.5(1) + .6(0) 


617 + .5(1) + .6(0) 


6 (249 


total 502 


total 617 


total 988 


total 446 
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Timing design - CGRA manual. 
a. 2 Phase 
NS green time = off chart in excess of 132 sec. 
i.e. 500 vs. 850 = 121 sec. 
EW green time = off chart as above. 
ie 3 Phase 
NS ereen time = off chart 
E bound Seottcnag. 
W bound = pete Gleewae 


c. 2% Phase 


NS = (pes hreysie 
EW green = 28 sec. 
EBD left = 36 seC. 


If it is assumed that x the left turn can occur on the solid 
green phase then EBD left required is 16 sec. 
Then total EW = 28 + 16 = 44 sec. 


and NS green is arrived at by proportions i.e. 1000 = 44 _ 
600 x 


NS green is then 26 sec. giving a total cycle of 


E Flash 16 sec. 
els 2 sec. 

EW Green 28 sec. 
Cis 4 sec. 

NS Green 26 sec. 
cl. pee eee 


TOTAL 80 sec. 
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ad min 


2 Phase timing based on G/C ratio 
clearances 


NS @ .33 & 22 sec. 


EW @ .50 & 30 sec. 
plus clearances 2@4=__8 sec. 
60 sec. 


and minimum pedestrian 


3 Phase timing based on G/C ratio and pedestrian clearances 
NS @ .25 & 20 sec. 
w @ .25 & 20 sec. 
EW -50 & 40 sec. 
Plus 3 @4= 12 sec. 
92 sec. 
2 Phase Signa} _ 
NS EW 
— t 
Wa =) 25 25 
SAR cy SiS. 5% 
a 25 
Metro 500,000 - 
G/c = .40 -60 
% Tr= 0 0 
cp = 900 940 
2% phase Signal EBD Fl. EW Green 
NS Panetta el uLuee Thru 
Same except L% 10% 
G/Ga-sU eo. G/c = .20 34 
cp = 810 VPH 200 600 VPH 820 VPH 
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3 Phase Signal 
NS 


G/c = .30 
CDE 300 


TRIAL #2 
G/c = .25 


cD = 750 


othe) 
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APPENDIX B 


2 PHASE 


LEFT TURN VOLUMES 


TWO PHASE LEFT TURN VOLUMES 


ra a ET AED 


Intersection 


Jasper - 116 St. 


109 st. - lll Ave. 


124 st. - lll Ave. 


100 st. - lO1A Ave. 


142 st. - St. Pl. Rd. 


124 St. - 107 Ave. 


Opposing Volume 


394 
439 
914 
420 
378 
518 


665 
522 
260 
400 


491 
PAeae 
300 
572 
200 


2 
111 
970 
788 
1215 
500 
460 


459 
500 
300 


907 
292 
451 


SMES 
3o2 
847 
426 
608 
894 


Left Turn 


100 


223% 
685* 


119 


123 


—_ 7 — 
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Contre « 


Intersection Opposing Volume Left Turn 
101 St. - Kingsway 663 278 © 
472 313 © 
111 Ave. - 97 St. 550 Lal, 
260 76 
328 67 
342 172 
718 59 
115 Ave. - 82 St. 340 104 a 
560 144 A 
293 70 
124 150 
226 36 
75 St. - Argyll 469 142 a 
422 487 ~z 
50 St. - 118 Ave. 435 85 
424 83 
410 ibabal, 
391 112 
82 St. - 118 Ave. 352 124 © 
286 165 @ 
Za 126 @ 
149 st. - St. Pl. Rd. 463 suik 
224 136 + 
510 28 + 
PRS A. 268 + 
564 114 + 
116 st. - 104 Ave. 266 70 
376 110 
1079 10 
Sela 92 
389 88 
382 128 
937 57 


462 42 


Cont... 


Intersection Opposing Volume Left Turn 
Ieaestemcteer le RO. 330 13 
289 294 
202 103 
982 Ata 
325 67 
464 176 
888 30 
101 st. - 107 Ave. 654 116 0 
580 163 0 
567 22 
395 64 
489 55 
865 42 
109 St. - 107 Ave. 569 58 
838 62 
447 53 
542 51 
sie) 84 
97 St. - LOTA Ave. 593 39 
252 Ys 
728 29 
340 igfs) 
709 66 
276 130 
B33 195 
qhakes 22 


© Thru & right turn phase followed by left, thru 
and right phase. 


A Advance flash phases 
® Three Phase signal 


+ Double left turn 


